The ability of long chain unsaturated fatty acids to replace biotin in the nutrition of various members of the genus Lactobacillus has been well established; however, the exact nature of this biotin-fatty acid relationship is in dispute, and a number of conflicting explanations have been suggested for this phenomenon (Nieman, 1954) . Williams et al. (1947) were among the first to suggest that in these bacteria biotin may be involved in some way in the biosynthesis of certain indispensable fatty acids, and that when such acids are supplied preformed to the bacteria the biotin requirement is minimized. This concept has come to be widely regarded as the most plausible of the hypotheses thus far advanced to explain the biotinlike activity of unsaturated fatty acids, and has been found to be reconcilable with a variety of experimental observations including antimetabolite effects and the alterations in bacterial lipide spectra caused by changes in the fatty acid content of media (Nieman, 1954; Deuel, 1957; Hofmann et al., 1957) . Implicit in and essential to the validity of this hypothesis is the ability of lactobacilli to incorporate into their cells and to further utilize fatty acids supplied in media in lieu of biotin. Until the present time this ability has of necessity been tacitly assumed on the basis of inference from indirect evidence.
Although a number of unsaturated fatty acids, of which oleic acid is best known, have been shown to exhibit biotin-replacing capabilities (Axelrod et al., 1948;  Kodicek, 1949; Cheng et al., 1951; Hofmann and Panos, 1954 ; O'Leary and , it has been found that cisvaccenic (cis-11, 12-octadecenoic) acid is the major unsaturated fatty acid component of the cellular lipides of lactobacilli (Hofmann, 1953) . This acid has also been shown to possess a marked biotin-replacing capability (Cheng et al., 1951; Hofmann and Panos, 1954) . Further studies by Hofmann and his co-workers (1957) led them to suggest that cis-vaccenic acid may be the precursor of lactobacillic (cis-11, 12-methyleneoctadecanoic) acid, another biotin-replacing compound found in appreciable amounts in lipides of lactobacilli.
The purpose of the investigation reported here was to determine whether or not cis-vaccenic and oleic acids are actually incorporated into bacterial cells when supplied in media in lieu of biotin, and if so, whether they are retained as such or are converted into other lipoidal materials. MATERIALS cis-Vaccenic-1-C14 acid was synthesized in this laboratory. 1-Chloro-10-heptadecyne was prepared and purified using the methods of Ahmad et al. (1948) , and carbonated by the method described by Calvin et al. (1949) was then partially hydrogenated using palladiumon-charcoal catalyst in ethanol containing 20 per cent pyridine as described by Hofmann and Sax (1953) . The resulting cis-vaccenic-1-C14 acid was recovered from the hydrogenation mixture and purified by fractional recrystallization from the three solvents mentioned above followed by a reversed-phase partition chromatography technique described by Aronoff (1956 in which cis-vaccenic-1-C14 or oleic acid was substituted for biotin, a modification of the medium of Wright and Skeggs (1944) was employed (table 1) . To prepare an inoculum, a tube containing 15 ml of this medium was inoculated from a stock culture and incubated 24 hr at 35 C. The cells were recovered by centrifugation and washed with five 20-ml portions of 0.85 per cent sodium chloride solution. An aliquot of 0.1 ml of the final suspension was used to inoculate another tube of the same medium. Three successive transfers were made in this manner. Two-ml aliquots of the final saline suspension of the third culture were used to inoculate each of three Erlenmeyer flasks each containing 500 ml of medium. After incubation for 36 hr at 35 C, the contents of each flask were added aseptically to one of three culture bottles each containing 4 L of similar medium. These bottles were also incubated 36 hr at 35 C. In preparing media for the flasks and bottles, acids of the following specific activities were used: cis-vaccenic-1-C14, 93,700 cpm per ,umole; oleic-l-C'4, 50,150 cpm per ,umole.
After incubation, the cells in the bottle cultures were collected by centrifugation and washed by repeated suspension and recentrifugation using a total volume of 5 L of distilled water. The collected cells were then lyophilized and stored in vacuo over phosphorus pentoxide.
Extraction and analysis of cellular fatty acids. After weighing, the dried cells were hydrolyzed by autoclaving with 100 ml of 2 N sulfuric acid for 1½ hr at 121 C. The cellular fatty acids were extracted from the hydrolyzate, subjected to a hydroxylation procedure that converted the unsaturated fatty acids present to their chromatographically separable dihydroxy derivatives, and analyzed by rubber column chromatography using the techniques of Hofmann et al. (1955) . The acetone-water chromatographic eluate fractions were monitored by titration with 0.01 N NaOH.
The individual fatty acid present in each chromatographic peak was recovered by acidification and ether extraction of the eluate after removal of the acetone under reduced pressure. After washing, each ether extract was dried and the ether was removed under reduced pressure.
For the determination of specific activities, weighed aliquots of each fatty acid residue were dissolved in 10.0 ml of ethanol. Aliquots of 100 ,uL of each ethanolic solution were mixed with 10.0 ml of scintillation fluid consisting of 0.4 per cent 2, 5-diphenyl-oxazole dissolved in a mixture of 70 per cent toluene and 30 per cent ethanol. The radioactivities of these mixtures were then measured using a Packard "Tri-Carb" automatic scintillation counter.
Microbiological assays. The assay techniques employing L. delbrueckii described by Hofmann et al. (1955) were used to evaluate the C01 chromatographic fractions and to determine the amounts of octadecenoic acid remaining in media after removal of bacterial cells. The necessity of converting the cellular octadecenoic acids to their biologically inactive dihydroxy derivatives in order that they might be chromatographically resolved from analogous saturated fatty acids precluded microbiological assay of this fraction (C18 Di-OH). However, mixed melting point determinations with authentic samples of 9,10-dihydroxy-octadecanoic acid and 11 , 12-dihydroxy-octadecanoic acid indicated that the hydroxylated cellular acid was the 11,12 isomer, i. e., the derivative that would be obtained from cis-vaccenic acid.
These analyses showed that the lipides of bacteria grown on cis-vaccenic-1-C'4 acid in lieu of biotin contained a combined total of 0.354 mmole of octadecenoic and lactobacillic acids, or approximately 95 per cent of the amount of acid apparently removed from the medium by the bacteria.
Measurements of the specific activities of the various fatty acid fractions from the cells of L. arabinosus grown on cis-vaccenic-1-C14 acid showed that most of the radioactivity was located in the octadecenoic and lactobacillic acids. The activities of both of these acids were approximately95 per cent of that of the cis-vaccenic-1-C14 acid supplied in the medium. Capric, lauric, and myristic acids and the nonsaponifiable matter obtained in the process of extracting the cellular fatty acids were not found to contain any significant amount of radioactivity, and palmitic acid contained only a small amount.
Utilization of oleic-1-C14 acid. Dried cells (5.8 g) were obtained from the culture containing this acid in lieu of biotin, and from these cells, 132 Mixed melting point determinations as mentioned above using the dihydroxy-octadecanoic acid from these oleic acid grown cells indicated that these bacteria also contain the 11,12 isomer of octadecenoic acid. Microbiological assay indicated that the C19 material recovered from these bacteria is lactobacillic acid.
Measurements of the specific activities of the fatty acid fractions from cells grown on oleic-1-C'4 cells showed that, as was found in the cis-vaccenic-1-C'4 acid grown cells, most of the radioactivity was located in the octadecenoic and lactobacillic acids with little or none appearing in other lipide fractions. However, the activities of the octadecenoic and lactobacillic acids from oleic grown cells were approximately 85 per cent of that of the oleic-1-C14 acid supplied in the medium, which is somewhat lower than the value found in the cis-vaccenic-1-C14 acid studies.
DISCUSSION
The results of the studies with both cis-vaccenic-1-C'4 acid and oleic-1-C14 acid provide strong evidence for the concept that octadecenoic acids capable of replacing biotin in bacterial nutrition are actually incorporated into the bacterial cell and constitute the major cellular content of such acids.
These observations support the suggestions of Williams et al. (1947) , Potter and Elvehjem (1948) , Rubin and Scheiner (1949) , and others that biotin is involved in the synthesis of unsaturated fatty acids essential to the cell, and that supplying such acids to the cell will consequently decrease the biotin requirement. This possible function of biotin is especially intriguing for, although considerable information is available regarding the biosynthesis of straight chain saturated fatty acids, little is known about the formation in bacteria of long chain unsaturated acids such as cis-vaccenic acid, or of cyclopropane ring-containing acids such as lactobacillic acid. Of interest in this respect is the report of the author (O' Leary and Hofmann, 1957) showing that a number of shorter chain unsaturated fatty acids (C16, C14, and C12) are also capable of replacing biotin to varying degrees in the nutrition of lactobacilli. It was suggested that such acids may be intermediates in the bacterial biosynthesis of cis-vaccenic acid by a pathway in which some early steps may be biotin-dependent. Experiments employing isotopic methods similar to those used in the present investigation may be of value in further investigations of this postulated pathway. Wakil et al. (1958) have recently reported on studies with C'4-labeled acetate whch produced evidence for the participation of biotin in the synthesis of fatty acids by enzyme preparations from avian liver.
In both cis-vaccenic and oleic acid studies it was noted that the lactobacillic acid had a specific activity similar to that of the octadecenoic acid found in the same cells. This may be interpreted as evidence that lactobacillic acid is formed primarily, if not entirely, from cellular octadecenoic acid. This conversion was originally suggested by Hofmann et al. (1957) on the basis of alterations caused in bacterial lipide composition by changes in the fatty acid content of media. It is still not known, however, what reactions are involved in the apparent addition of a methylene group across the double bond of cis-vaccenic acid to form the cyclopropane ring characteristic of lactobacillic acid.
In the cellular lipide fractions from cells grown on either octadecenoic acid it was observed that radioactivity was largely limited to octadecenoic and lactobacillic acids. This indicates that there was little degradation and redistribution of the carboxyl end of the acid supplied in the medium among other lipide components of the cell.
The results of the cis-vaccenic acid study showed that approximately 95 per cent of the acid missing from the medium after growth could be accounted for by the combined amounts of cellular octadecenoic and lactobacillic acids. If the remaining 5 per cent is not merely ascribable to limitations of the techniques employed, it may represent octadecenoic or lactobacillic acids degraded or converted into nonlipide material. It might be mentioned here that the metabolic fate of lactobacillic acid is as yet quite unknown. It was also found that the cellular octadecenoic and lactobacillic acids exhibited specific activities that were approximately 95 per cent that of the cis-vaccenic-1-C14 acid supplied in the medium. This small decrease in specific activity may be due to a low level of de novo synthesis or to some type of exchange reaction.
In the oleic acid study, approximately 87 per cent of the acid missing from the medium could be accounted for by the combined amounts of cellular octadecenoic and lactobacillic acids. The specific activities of the cellular acids were approximately 85 per cent of that of the oleic-1-C14 acid supplied in the medium. The quantitative differences between the results of the cis-vaccenic acid and oleic acid studies presumably reflect Microbiological assay results and physical data indicated that the C19 fractions in both studies consisted of only lactobacillic acid. As was pointed out, if any stearic acid were present it would also be in this chromatographic fraction. The fact that stearic acid was not detected in these cells is in accord with the reports of other workers. Using fractional distillation techniques, Hofmann et al. (1952) found that stearic acid accounted for not more than 2 per cent of the fatty acids isolated from L. arabinosus grown on biotin. In a later study using techniques similar to those employed here, no stearic acid was detected in lipides from the same organism again grown on biotin (Hofmann et al., 1955) . Further, it has been shown that growing lactobacilli on unsaturated fatty acids in lieu of biotin tends to markedly decrease cellular stearic acid content and increase lactobacillic acid content .
The results of mixed melting point determinations involving the dihydroxy derivatives of cellular octadecenoic acids, while by no means conclusive, do suggest an interesting field for further investigation. The indication that supplying the 11,12 isomer of octadecenoic acid in the medium in lieu of biotin results in cells contain-11,12 octadecenoic and 11, 12-methylene-octadecanoic acids was not unexpected since it has been shown that "normal" cells of L. arabinosus (i. e., grown on biotin) contain these 11,12 isomers (Hofmann et al., 1952) . The preliminary indication that cells grown on oleic (cis-9, 10-octadecenoic) acid also contain the 11,12 isomers was more interesting. This would suggest that the cells may be capable of isomerizing the 9,10 acid to the 11,12 configuration. More detailed chemical studies on larger samples of acids from bacteria grown on unsaturated fatty acids are, however, required on this point.
While the chromatographic technique used in this investigation for the analysis of cellular fatty acids is the best available up to the present time for this type of work, it necessitates the hydroxylation of unsaturated fatty acids before they can be clearly separated from saturated acids of similar chain lengths. This not only requires considerable time for the necessary manipulations, but, more important, alters the chemical nature of the unsaturated acids resulting in biologically inactive compounds. It is hoped that in future studies it will be possible to adapt gas-liquid chromatography for such work. If suitable separation can be achieved, such a technique should afford rapid analysis of small samples while permitting the recovery of components with unaltered biological activity.
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SUMMARY
Lactobacillus arabinosus has been grown in media in which cis-vaccenic-1-C"4 or oleic-1-C'4 acid was supplied in lieu of biotin. The constituent fatty acids of cells so grown were extracted, separated chromatographically, and examined for radioactivity. It was found that most of the fatty acid removed from a medium could be accounted for by the combined amounts of octadecenoic and lactobacillic acids present in cells grown in that medium. Radioactivity in cellular lipide fractions was largely limited to these same two acids. The significance of these observations to biotin-fatty acid interrelationships and mechanisms of fatty acid biosynthesis are discussed.
